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(54) Prok>e and recording medium for information recording apparatus, and information 
recording apparatus utilizing the same 



(57) A probe for use in an information recording 
apparatus for recording information on a recording 
medium by applying a voltage between the recording 
medium and a tip of the probe includes a conductive tip. 
a wiring provided on the probe for applying a voltage to 
the tip from a voltage application device, and an electri- 
cal resistance (304,106) provided in the tip (302) or in 
the wiring (105) on the probe. The resistance may be 
composed of an oxide film (504) on the surface of the tip 
(502). In stead of providing the electrical resistance, the 
tip or the wiring may be covered with an electromagnetic 
shield (806.2101). In stead of this, an electrical resist- 
ance layer (702) may be provided between a substrate 
(701) of the recording layer (708) and ttie tip (705) of the 
probe (704). 

FIG.8 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a probe and a 
recording medium for use in an information recording 
apparatus for effecting high-speed recording by apply- 
ing a voltage between a recording medium and a probe 
opposed thereto, and to an information recording appa- 
ratus utilizing the same. 

Rg|ate<J BaqKgrQUnd Art 

The recent development of the scanning tunnel 
microscope (STM) capable of observing the surface of a 
conductive substance with a resolving power of nano- 
metrlc order (U.S. Patent No. 4.343,993) has enabled 
the observation of arrangement of atoms or orientation 
of organic molecules on the surface of a metal or a sem- 
iconductor, in the atomic or molecular scale. Also the 
technology of STM has been developed to the atomic 
force microscope (AFM). capable of ot>serving the sur- 
face of an insulating substance with a resolving power 
similar to that of the STM (U.S. Patent No. 4.724.318). 

A high-density memory utilizing the principle of 
STM has been proposed by employing a recording 
medium instead of the specimen, bringing a probe close 
to the recording medium under feedback control on the 
distance between the probe and the recording medium 
so as to maintain the tunnelling current constant in the 
configuration of the STM and applying a voltage 
between the probe and the recording medium thereby 
recording and reproducing bits with a molecular or 
atomic size (U.S. Patent No. 4.575,822. Japanese Pat- 
ent Applications Laid-Open Nos. 63-161552 and 63- 
161553). 

Also there has been proposed a configuration com- 
bining STM and AFM, which employs an elastic probe 
with electroconductivity and effects scanning by the tip 
of the probe in contact with the recording medium, 
thereby effecting recording and reproduction (Japanese 
Patent Applications Lald-Open Nos. 01 -245445 and 03- 
194124). 

In such conventional contact scanning system, as 
the scanning is made the movement of the probe along 
the surface of the recording medium basically relying on 
the elastic deformation of the elastic probe, there may 
result destruction of the probe tip or the recording 
medium for example by the heat induced by an exces- 
sive current at the recording or the reproduction. If a 
local defect or an unevenness in the thickness in the 
recording medium. 

For this reason, the Japanese Patent Application 
No. 6-239810 proposes to insert a current limiting resis- 
tor into tiie recording/reproducing circuit to limit the cur- 
rent to a constant value. 

However such simple insertion of the current limit- 



ing resistor into ttie recording/reproducing circuit leads 
to a drawback of a reduced recording speed, as will be 
explained in the following with reference to Figs. 1 to 3. 
Rg. 1 schematically shows a recording/reproducing 

5 apparatus of the contact scanning method, wherein 
shown are a recording medium 1301 ; a probe 1302 of 
an elastic material, for effecting recording and reproduc- 
tion in contact with the recording medium; a conductive 
tip 1303 provided at the end of tiie probe; and a wiring 

10 1304 for applying or obtaining a recording or repro- 
duced signal. 

A recording signal is applied from recording signal 
application means 1305 to the recording medium 1301, 
through a current limiting resistor RG1306. the wiring 

IS 1304 on tfie probe 1302 and the tip 1303. 

As the probe is positioned close to tiie recording 
medium in the actual configuration, there is generated a 
certain electrostatic capacitance Cs, called tiie floating 
capacitance, between the wiring and the tip on the 

20 probe and the recording medium. On the other hand, 
between the probe tip and the recording medium, there 
exists a gap resistance RG. resulting for example from 
the contact resistance, the tunneling resistance of a 
small space of a nanometric order existing between the 

25 probe tip and the recording medium and the film resist- 
ance of the recording medium itself. 

Rg. 3 is an equivalent circuit diagram showing 
tiiese component factors. For an angular velocity a> of 
the recording pulse signal (eo = 2irf . f being the fre- 

30 quency of tiie recording pulse signal), the inpedance 
1/ci>Cs induced by the floating capacitance Cs 1503 
becomes smaller than the current limiting resistance 
RL 

For the typical values in tiie actual apparatus, tiie 
35 floating capacitance Cs is about 1 [pF] and the fre- 
quency f of tiie recording pulse signal is about 100 
[kHz], so that oo is about 6x10^ [rad/s] and 1/<oCs is 
about 1 .7 [MO]. Also tiie typical value of the gap resist- 
ance RQ is 1 to 1000 [GO] and that of the cunent limit- 
40 ing resistance RL is about 1 0 [MQ]. 

Since l/coCs « RG, the applied pulse voltage VP 
will be divided approximately with a ratio RL : l/oCs 
between RL and 1/a>Cs, RG. Thus, when a recording 
signal voltage VP is applied, the voltage VG actually 
45 applied to the recording medium is: 

VG = (1/®Gs) • VP/(1/g>Cs + RL) » 0.14VP. 

which is apparentiy smaller than VP. 

50 This phenomenon becomes more conspicuous witii 
an increase of ox namely with the recording signal of a 
higher frequency. 

Rg. 2 shows tiie comparison of the applied record- 
ing voltage VP and tiie actually applied voltage VG. 

55 As shown in Rg. 2, the voltage VG applied to the 
recording medium is smaller in the peak value and less 
sharp in time tiian the applied recording voltage VP. 

In such situation, even if the recording signal VP is 
applied, recording cannot be effected since the voltage 
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applied to the recording medium does not exceed the 
recording threshold. 

Besides the recorcfing speed is lowered since the 
recording signal pulses cannot be applied continuously 
because of the unsharpened waveform. 

SUMMARY OF THE INVENTION 



wiring on the probe. 

The above-mentioned object can also be attained 
by an information recording apparatus for recording 
infomiation on a recording medium by applying a volt- 
age between the recording medium and a tip. the appa- 
ratus conrprising: 



In consideration of the foregoing, the object of the 
present Invention is to provide a probe and a recording 
medium enabling highly reliable high-speed recording in 
an information recording ajiparatus. and an information 
recording apparatus utilizing such prot>e and recording 
medium. 

The above-mentioned object can be attained, 
according to the present invention, by a probe for use in 
an information recording apparatus for recording infor- 
mation on a recording medium by applying a voltage 
between said recording medium and a tip, comprising: 

a probe including a tip; 

a wiring provided on the probe for applying a volt- 
age to tiie tip; and 

an electrical resistor provided in the tip or in the wir- 
ing on the probe. 

The above-mentioned object can also be attained 
by a probe for use in an information recording apparatus 
for recording information on a recording medium by 
applying a voltage between the recording medium and a 
tip, the probe comprising: 



a voltage applying circuit for applying a voltage 

between the tip and the recording medium; 

a conductive substrate provided in the recording 

medium; 

a recording layer provided in the recording medium 
and supported by the sut>strate; and 
an electrical resistance layer provided between the 
substrate and the tip. 

The above-mentioned object can also be attained 
by an information recording apparatus for recording 
information on a recording medium by applying a volt- 
age between the recording medium and a tip. the appa- 
ratus comprising: 

a probe having a conductive tip; 

a voltage applying circuit for applying a voltage to 

the tip; 

a wiring provided at least partly on the probe, for 
connecting the voltage applying drcuit with the tip; 
and 

an electromagnetic shield covering the tip or the 
wiring on the probe. 



IS 



20 



25 



a tip; 

a wiring provided on the probe for applying a volt- 
age to said tip; and 

an electromagnetic shield covering tiie tip or the 
wiring on the probe. 

The atx)ve-mentioned object can also be attained 
by a recording medium for use in an information record- 
ing apparatus for recording Information on the recording 
medium by applying a voltage between the recording 
medium and a tip, the recording medium being com- 
posed of a conductive substrate and a recording layer 
formed on the substrate, and comprising an electrical 
resistance layer provided between the substrate and the 
tip. 

The above-mentioned object can also be attained 
by an information recording apparatus for recording 
information on a recording medium by applying a volt- 
age between recording medium and a tip. the apparatus 
conprising: 

a probe having a conductive tip; 

a voltage applying circuit for applying a voltage to 

the tip; 

a wiring provided on the probe for connecting the 

voltage applying circuit with tiie tip; and 

an electrical resistance provided in the tip or in the 



More details will be given in the following descrip- 
tion of the emtxKliments. 
35 The term "probe" used in the present invention is a 
member composed of a tip of a conductive material hav- 
ing a sharpened end and a support member for sup- 
porting such tip. 



40 BRIEF DESCRI PTION OF THE DRAWINGS 

Rg. 1 is a schematic view of a recording/reproduc- 
ing apparatus of the contact scanning method; 
Rg. 2 is charts showing comparison of the applied 
45 recording voltage and the voltage actually applied 
to the recording medium; 

Rg. 3 is an equivalent circuit diagram in which the 
floating capacitance and the gap resistance are in a 
parallel relationship and the current limiting resist- 
so ance is serially connected to these components; 

Rg. 4 is a view showing the structure and working 
principle of a recording/reproducing apparatus of 
tiie probe contact scanning method emt>odying the 
present invention; 
55 Rg. 5 is an equivalent circuit diagram in which the 
current limiting resistance and the gap resistance 
are in a serial relationship and the floating capaci- 
tance is connected in parallel to these components; 
Rg. 6 is charts showing comparison of the applied 
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recording voltage and the voltage actually applied 
to the recording medium; 

F\Q, 7 Is an equivalent circuit diagram in which the 
gap resistance and the current limiting resistance 
are in a serial relationship and the floating capaci- 
tance is connected in parallel to these components; 
Rg. 8 is a view showing a probe constituting a first 
embodiment of the present invention; 
Rg. 9 is a view showing the preparation process of 
the probe shown in Fig. 8; 
Rg. 10 is a view showing a probe constituting a 
second embodiment of the present invention; 
Rg. 11 is a view showing the preparation process of 
the probe shown in Fig. 10; 
Rg. 12 is a view showing a probe constituting a 
third embodiment of the present invention; 
Rg. 13 is a view showing the preparation process of 
the probe shown in Fig. 12; 
Rg. 14 Is a view showing a recording medium con- 
stituting a fourth embodiment of the present inven- 
tion; 

Rg. 15 is a view showing a configuration in which 
the current limiting resistance is provided opposite 
to the tip. with respect to the substrate; 
Rg. 16 is an equivalent circuit diagram in which the 
floating capacitance and the gap resistance are in a 
parallel relationship and the current limiting resist- 
ance is connected serially to these components: 
Rg. 1 7 is a view showing a probe constituting a fifth 
embodiment of the present invention; 
Rg. 1 8 is a view showing the connecting method for 
an electromagnetic shield; 
Rg. 1 9 is a view showing the preparation process of 
the probe shown in Fig. 17; 
Rg. 20 is a view showing a probe constituting an 
sixth embodiment of the present invention; and 
Rg. 21 is a view showing the preparation process of 
the probe shown in Fig. 20. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

At first there will be explained the principle of the 
present invention. 

Reference is at first made to Fig. 4. showing the 
principle of the recording/reproducing apparatus of the 
probe contact scanning method, embodying the present 
invention. 

Plural probes 1203 are so positioned that tips 1205 
thereof are in contact with a recording medium 1202. 
having a recording layer 1214 on a conductive substrate 
1201 . In each probe 1203. the tip 1205 is supported by 
an elastic member 1204. capable of generating an elas- 
tic deformation. 

Typically, the elastic member 1204 has an elastic 
constant of ca. 0.1 N/m for the elastic deformation and 
an amount of elastic deformation of ca. 1 ^m, and. 
under such conditions, the tip contacts with the record- 
ing medium witii a contact force of ca. 10"^ N. 



The probe 1203 and the recording medium 1202 
are mutually movable, in three-dimensional manner, by 
an xyz drive mechanism 1209 attached to the recording 
medium 1202. The probe 1203 Is brought to a desired 

5 position on the recording medium 1202. with a desired 
contact force thereto, by the adjustment of the position 
of the probe 1203 In the x, y directions and in the z 
direction with respect to the recording medium 1202. 
A recording signal generated by a recording signal 

10 generator 1208 is applied to the recording medium 
1202. through an amplifier 1207. a current limiting resis- 
tor 1208, a wiring on the elastic member 1204 and tiie 
tip 1205. In this manner the recording is made locally at 
a position where the end of the tip 1205 corrtacts the 

IS recording layer 1214. 

The recording layer 1214 in the above-explained 
apparatus is composed of a material showing a change 
in the current by a voltage application. A first example of 
such material is an LB film (superposed layers of an 

20 organic monomolecular film formed by the Langmuir- 
Blodgette method) having the electric memory effect, 
such as of polyimide or SQAZ (bis-n-octylsquarilium 
azulene) as discfosed in the Japanese Patent Applica- 
tion Laid-open Nos. 63-161 552 and 63-1 61553. 

25 This material shows a change in the conductivity in 
the LB film from OFF to ON state, by the application of 
a voltage exceeding a threshold, such as 5 to 10 V. 
between the tip and the substrate aaoss the LB film, 
thus showing an increase in the current under the appli- 

30 cation of a reproducing bias voltage of ca 0.01 to 2 V. 

A second example of the material of the recording 
layer is an amorphous fil^r^fo^ming material such as 
GeTe, GaSb or SnTe. 

Such material shows a phase tiransition from an 

35 amorphous state to a crystalline state by the heat gen- 
erated by the cun'ent therein, when a voltage is applied 
between the tip and tiie substrate across the amor- 
phous film-forming material. The material thus shows a 
change in the conductivity, and shows an increase in the 

40 current when a reproducing bias voltage is applied. 

A third example of the material of tiie recording 
layer consists of an oxidizable metal or semiconductor 
such as Zn, W, Si or GaAs. 

When a voltage is applied between such oxidizable 

45 metal/semiconductor material and the tip, the material 
reacts with water absorbed on the surface thereof or 
oxygen in the air under the influence of the generated 
current, thereby forming an oxide film on the surface 
and showing a change in the contact resistance of the 

so surface, so that it shows a decrease in the current when 
a bias voltage is applied. 

The bit thus recorded can be reproduced in the fol- 
lowing manner. 

The signal wiring of each probe 1203 is switched to 

55 a reproducing system by a switch 1213, then a bias volt- 
age is applied between the tip 1205 and tiie substrate 
1201 by bias voltage applying means 1210. and a gen- 
erated current is detected by a current detector 1211. 
The recorded bit on the recording medium 1202 
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shows a larger (or smaller) current In comparison with 
the unrecorded portion, and such difference in the cur- 
rent is detected by a reproduced signal processor 1212 
to obtain a reproduction signal. 

In the recording/reproducing apparatus of the probe s 
contact scanning method explained above, in the scan- 
ning motion of the probe relative to the recording 
medium, the end of the tip 1205 of the probe 1203 is 
constantly maintained in contact with the recording 
medium 1202. io 

Such contact scanning method provides an advan- 
tage that, during the scanning motion of the end of the 
tip 1205 in contact with the recording medium 1202, 
eventual irregularities on the surface of the recording 
medium 1202 can be absorbed by the elastic deforma- is 
tion of the elastic member 1204, whereby the contact 
force between the end of the tip 1205 and the surface of 
the recording medium can be maintained substantially 
constant and such end or surfece can be prevented 
from destruction. 20 

This method, not requiring the aligning means in 
the z-direction, such as a piezoelectric element, for 
each probe, is simpler in configuration and is particu- 
larly suitable for use in an apparatus wHh plural probes. 

Also the probe 1203 can achieve a high-speed 25 
scanning motion relative to the recording medium 1202. 
since each probe 1203 need not be feedback controlled 
in the z-direction relative to the recording medium 1202. 

In such contact scanning method, it is effective to 
utilize a current limiting resistance 1208 as shown in 30 
Fig. 4, in order to prevent, as already explained in the 
related background art, the destruction of the tip or the 
medium resulting from an eventual excessive cun-ent in 
the application of the recording pulse voltage in tiie 
course of contact scanning operation. 35 

However, such current limiting resistance, if posi- 
tioned distant from the probe, will lead to a drawback of 
deterioration of the frequency characteristics of the 
recording pulse applying system with resulting reduc- 
tion and unsharpending of the voltage actually applied 40 
to tiie recording medium, as already explained in the 
related background art. 

This drawback can be prevented by one of the fol- 
lowing three methods: 

45 

1) positioning the current limiting resistance on the 
tip or in the vicinity thereof: 

2) positioning the current limiting resistance in the 
recording medium, in the vicinity of a position 
opposed to the tip; and so 

3) reducing the floating capacitance of the pulse 
applying circuit 

In case the current limiting resistance is positioned 
in the vicinity of the tip according to the above-men- ss 
tioned method 1). when seen from the side of the pulse 
applying means in Rg. 5, tiie cun^ent limiting resistance 
RL1601 and tiie gap resistance RG1602 are connected 
in series, and the floating capacitance Cs 1603 is con- 



nected parallel to these components. 

Consequently tiie applied pulse voltage VP is 
applied to RL + RG. and, since RL « RG (typically RL 
s 10 Mn and RG = 1 to 1000 GO), tiie voltage VG 
applied to the recording medium becomes nearly equal 
to VP and is prevented from reduction and unsharpen- 
ing. as shown in Fig. 6. 

Also in case the current limiting resistance is posi- 
tioned in the recording medium, in the vicinity of the 
contact position with the tip according to tiie method 2), 
when seen from tiie side of the pulse applying means in 
Fig. 7, tiie gap resistance RG1802 and the current limit- 
ing resistance RL1801 are connected in series, and the 
floating capacitance Cs1803 is connected parallel to 
these components. Consequently the applied pulse 
voltage VP is applied to RG + RL, and. since RL « RG 
(typically RL = 10 MO and RG = 1 to 1000 Gn), the volt- 
age VG applied to the recording medium becomes 
nearly equal to VP and is prevented from reduction and 
unsharpening of the peak. 

By reducing the floating capacitance of the pulse 
applying circuit according to the method 3), the imped- 
ance 1/a>Cs resulting from the floating capacitance 
Cs1503 (ct> being the angular velocity of pulse, repre- 
sented by CD = 27cf , wherein f is the frequency of the 
recording pulse signal) can be made larger while being 
maintained sufficientiy smaller tiian the gap resistance 
RG. 

As a typical numerical example, by reducing the 
floating capadtance Cs to about 0.01 pF for 
G) s 2n X 10^ rad/s , 1/caCs becomes about 160 Mn. 
which is sufficiently smaller than RG = 1 to 1000 GO but 
is larger than RL = 10 MOl 

In this state, the applied pulse voltage VP is divided 
between RL and 1/<dCs with a ratio approximately equal 
to RL : IAdGs, but, since RL < 1/coCs, the applied volt- 
age VG becomes nearly equal to VP and is prevented 
from reduction and unsharpening of the peak. 

In the following there will be explained embodi- 
ments for respectively realizing the metiiods 1) to 3) 
explained above. 

[EmtxxJiment 1] 

Rg. 8 shows a first embodiment of the probe of the 
present invention, in which the current limiting resist- 
ance is provided in a wiring in the vicinity of the tip on a 
movable member supported by an elastic mender of 
torsion bar type. 

Refem'ng to Fig. 8, a tip 104. a wiring 105 and a cur- 
rent limiting thin-film resistor 106 are provided on a 
movable member 103 supported by elastic torsion bars 
1 01 . 1 02. The torsion in the elastic torsion bars 1 0 1 . 1 02 
generates an inclination in the movable member 103. 
thus moving tiie tip 104 in the z-direction. 

As the current limiting thin-film resistor 106 is posi- 
tioned in the vicinity of the tip 104, the floating capaci- 
tance between tiie tip 104 and tiie wiring 105 of a 
portion from the tip 104 to the resistor 106. and the 
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recording medium (not shown) opposed to the tip 104 
becomes minimal, so that the equivalent circuit 
becomes similar to that shown in Fig. 5. 

Fig. 9 shows the preparation process of the probe 
of this embodiment. On the surface of a Si substrate 
having a surface orientation <100>, a thermal oxide film 
(SiOa) is formed with a thickness of 1 ^m ((a) in Fig. 9). 
Then the Si02 film is patterned in the form of the torsion 
bars, thereby obtaining the form of the movable member 
((b) in Fig. 9). After the formation of an Al wiring on the 
movable memt)er ((c) in Fig. 9), a thin cartx>n film is 
formed by sputtering and patterned to form the current 
limiting thin-film resistor ((d) in Fig. 9). 

Then the tip is formed for example by a method of 
adhering a tip formed on a replica mold or by a spindt 
method in which a needle-shaped structure is formed by 
evaporation under rotation through an apertured mask 
((e) in Fig. 9), and the Si substrate is anisotropically 
etched with KOH solution to form gaps, thereby com- 
pleting the movable member of the torsion bar type ((f) 
in Fig. 9). 

When thus prepared probe was mounted on the 
recording/reproducing apparatus of the probe contact 
scanning method as shown in Fig. 4 (the current limiting 
resistance 1208 in Rg. 4 corresponding to the current 
limiting thin-film resistor (106 in Fig. 8) on the probe) 
and subjected to the application of a recording pulse 
voltage, the voltage VG applied to the recording medium 
was substantially equal, in height and wave form, to the 
applied recording pulse voltage VP as shown in Fig. 6, 
without reduction of the peak height or unsharpening of 
the waveform, and the frequency characteristics were 
improved. 

This emtxxiiment, though being inferior to the fol- 
lowing second embodiment in the improvement of the 
frequency characteristics. Is featured by a relatively sim- 
ple preparation process, which leads to a lower cost and 
a smaller bending in the elastic member. 

In the present embodiment, the elastic member is 
of torsion bar type, but that of other types, for example 
cantilever type, can also be used. 

[Embodiment 2] 

Rg. 10 shows a second embodiment of the present 
invention, providing a probe in which the current limiting 
resistance is provided integrally with the tip formed on 
an elastic member of cantilever type. 

Referring to Fig. 10. a tip 302, a wiring 303 and a 
cun-ent limiting resistor portion 304 are formed on a 
cantilever-shaped elastic member 301. A bending gen- 
erated in the cantilever-shaped elastic member 301 
moves the tip 302 in the z-direction in Rg. 10. 

As the current limiting resistor portion 304 is formed 
integrally with the tip 302. the floating capacitance 
between the portion from the tip 302 to the current limit- 
ing resistor portion 304 and the recording medium (not 
shown) opposed to the tip 302 becomes minimal, so 
that the equivalent circuit becomes similar to that shown 



in Fig. 5. 

Rg. 1 1 shows the preparation process of the probe 
of tNs embodiment. On the surface of a Si substrate 
having a surface orientation <100>, a thermal oxide film 

5 (Si02) is formed with a thickness of 0.1 |xm. Then, for 
forming the tip. the Si02 is patterned as a rectangular 
mask, and aniosotropic etching Is conducted with KOH 
solution to form a groove of rectangular conical form ((a) 
in Fig. 11). After Si02 is etched off, photoresist is 

10 formed and patterned for forming the tip and the wiring 
on the cantilever ((b) in Fig. 11), and FX is deposited by 
evaporation to form the tip and the wiring ((c) in Fig. 1 1 ). 

After FX is patterned with photoresist, photoresist is 
coated again and Is patterned into the form of a mask 

IS for forming the current limiting resistor portion ((d) in 
Fig. 1 1), and a tiiin carbon film is deposited by sputter- 
ing to form the current limiting resistor portion ((e) in Rg. 
11). 

Then, patterning is made into the form of a mask for 
20 forming the cantilever ((f) in Rg. 1 1). and a SI3N4 film of 
a thickness of 1 ^m is formed by low pressure CVD to 
form the cantilever shape on the substrate ((g) in Rg. 
11). 

Then a groove for cutting is formed, and, after 

25 anodic bonding of a glass plate provided locally with a 
separating Or film to the substrate ((h) in Fig. 11). the 
glass plate is cut ((0 in Fig. 1 1) and Si is etched off with 
KOH solution to form the cantilever (Q) in Fig. 11). 
When thus prepared probe was mounted on tiie 

30 recording/reproducing apparatus of the probe contact 
scanning method as shown in Fig. 4 (the current limiting 
resistance 1208 in Fig. 4 corre^x)nding to the current 
limiting tiiin-film resistor (304 in Fig. 10) on the probe) 
and subjected to the application of a recording pulse 

35 voltage, the voltage VG applied to the recording medium 
was substantially equal, in height and wave form, to the 
applied recording pulse voltage VP as shown in Fig. 6. 
without reduction of the peak height or unsharpening of 
the wave form, and tiie frequency characteristics were 

40 improved. 

This emtxxjiment, though being somewhat more 
complex than the foregoing first embodiment in the 
preparation process, is featured by better frequency 
characteristics. 

45 In the present embodiment, the elastic member is 
of cantilever type, but that of other types, for example 
torsion bar type, can also be used. 



50 



[Embodiment 3] 



Fig. 12 shows another probe, constituting a third 
embodiment of the present invention. In which the cur- 
rent limiting resistance is integrally formed with the tip 
on a cantilever type elastic member. 
55 Referring to Fig. 12. a tip 502 and a wiring 503 are 
formed on an elastic member 501 of cantilever type. 

The surface of the tip 502 is covered by a current 
limiting thin-film resistor 504. A bending generated in 
the elastic cantilever 501 moves the tip 502 in the z- 



6 



BNSDCCID: <EP ^0750298A2_r_> 



1 




EPO 



direction in Fig. 10. 

As the current limiting thin-film resistor 504 is 
formed on the surface of the tip 502, the floating capac- 
itance between the portion from the tip 502 to the cur- 
rent limiting thin-film resistor 504 and the recording 
medium (not shown) opposed to the tip 502 becomes 
almost zero, so that the equivalent circuit becomes sim- 
ilar to that shown in Fig. 5. 

Fig. 13 shows the preparation process of the probe 
of this embodiment. On the surface of a Si substrate 
having a surface orientation <100>. a thermal oxide film 
(SiOa) is formed with a thickness of 0.1 jim. Then, for 
forming the tip, the Si02 film is patterned into a rectan- 
gular mask, and anisotropic etching is conducted with 
KOH solution to form a groove of rectangular conical 
form ((a) in Fig. 13). 

For forming the tip and the wiring on the cantilever, 
photoresist is patterned, and Cu is deposited by evapo- 
ration to form the tip and the wiring ((b) in Rg. 13). After 
the removal of the photoresist, a mask for forming the 
cantilever is patterned, and a Si3N4 film of a thickness of 
1 \jm is formed by low pressure CVD, thereby forming 
the cantilever form on the substrate ((c) in Fig. 13). 

Then a groove for cutting is formed, and. after 
anodic bonding of a glass plate provided locally with a 
separating Cr film to the substrate ((d) in Fig. 13). the 
glass plate is cut ((e) in Fig. 13) and Si is etched off with 
KOH solution to form the cantilever ((f) in Fig. 13). 

Rnally heating to about 300*^6 is conducted in 
water vapor atmosphere to form an oxide film on the 
surface of Cu. providing the current limiting thin-film 
resistor on the end of the tip ((g) in Rg. 13). 

When thus prepared probe was mounted on the 
recording/reproducing apparatus of the probe contact 
scanning method as shown in Fig. 4 (the current limiting 
resistance 1208 in Fig. 4 corresponding to the current 
limiting thin-film resistor (504 in Rg. 12) on tiie probe) 
and subjected to the application of a recording pulse 
voltage, the voltage VG applied to the recording medium 
was substantially equal, in height and wave form, to the 
applied recording pulse voltage VP as shown in Fig. 6. 
without reduction of the peak height or unsharpening of 
the wave form, and the frequency characteristics were 
improved. 

This embodiment, toeing relatively simple in the 
preparation process as in the first emtxxfiment, is fea- 
tured by a low cost and by reduced tendency of bending 
formation in the elastic member. Also it provides the 
advantage of further improved fr^uency characteristics 
as in tiie second embodiment. 

In the present embodiment, the elastic member is 
of cantilever type, but that of other types, for example 
torsion bar type, can also be used. 

[Embodiment 4] 

Fig. 14 shows a recording medium, constituting a 
fourth embodiment of the present invention. In which a 
cun-ent limiting resistance is provided between a record- 
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ing layer and a substrate. 

Referring to Rg. 14. a recording medium 703 is 
composed of a conductive substrate 701. a current lim- 
iting thin-film resistor 702 formed thereon and a record- 
5 ing layer 708 formed tiiereon, and a probe 704 is so 
positioned as to be in contact with the recording layer 
708. 

As the current limiting thin-film resistor 702 is 
formed between the recording layer 708 and tiie sub- 
10 strata 701 . the floating capacitance in a portion from the 
tip 705 to a portion 706 in the current limiting thin-film 
resistor 702 through a recording layer portion 707 
opposed to the tip becomes almost zero, so tiiat the 
equivalent circuit becomes similar to that shown in Rg. 

15 7. 

The recording medium of the present embodiment, 
bearing the current limiting thin-film resistor, is prepared 
in the following manner. Cleaved mica is used as the 
substrate, and is subjected to evaporation of Ag or Cu 

20 under heating to about SOO^C in vacuum. Thus Ag or Cu 
is epitaxially grown on the mica to provide a smooth sur- 
face of Ag or Cu. which is used as the conductive sub- 
strate. This substrate is heated to about 300'*C in water 
vapor atmosphere to form a surfactal oxide film, which is 

25 used as the current limiting thin-film resistor. 

On this oxide film, tiiere is formed a recording layer, 
composed for example of an LB film with electric mem- 
ory property, an amorphous thin film or an oxidizable 
metal/semiconductor as explained in the foregoing. 

30 The current limiting thin film resistor rray also be 
formed, instead of tiie oxide film, of another high resist- 
ance material such as a Si3N4 film on an LB film of a 
high resistance having no electric memory property. 
When thus prepared recording medium was 

35 mounted on the recording/reproducing apparatus of the 
probe contact scanning method as shown in Rg. 4 (the 
current limiting resistor 1208 being formed as a current 
limiting thin resistor film between the recording medium 
1202 and the substiBte 1201) and subjected to tiie 

40 application of a recording pulse voltage, the voltage VG 
applied to the recording medium was substantially 
equal. In height and wave form, to the applied recording 
pulse voltage VP as shown in Fig. 6, without reduction 
of the peak height or unsharpening of the wave form, 

45 and the frequency characteristics were improved. 

In the configuration shown In Fig. 14, a similar effect 
can be obtained when the cunrent limiting thin-film resis- 
tor is provided between the tip and the recording layer, 
namely on the surface of the recording layer. In such 

so case, RG and RL are reversed in position in Rg. 7. Such 
recording medium can be obtained by forming a record- 
ing layer on a conductive substrate and then forming, on 
the recording layer, a thin film of a hdgh resistance mate- 
rial as tiie current limiting thin-film resistor. 

55 Also a similar effect can be obtained by forming the 
current-limiting thin-film resistor integrally with the 
recording layer. 

Such recording medium can be obtained, for exam- 
ple in case of utilizing an LB film with electric memory 
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property, by forming such LB film alternately with 
another LB film of high resistance without the electric 
memory property, without the oxide film formation on 
the substrate. This embodiment is featured by a consid- 
erably lower cost in comparison with other embodi- 5 
ments. since there Is only required the addition of a step 
of forming the current limiting thin-film resistor, such as 
an oxide film. In the preparation process of the record- 
ing medium. There is also provided an advantage that 
the preparation process of the probe Is not complicated, 10 
as the cun-ent limiting resistor is not provided in the 
probe. It is to be noted that the effect of the present 
embodiment cannot be obtained if the current limiting 
resistor 1901 is provided, as shown in Fig. 15. opposite 
to the probe 1903 across the substrate 1902. In such 75 
case the equivalent circuit becomes comparable to that 
shown in Fig. 16. 

In such case, as shown in Rg. 3, the gap resistance 
RG2001 and the floating capacitance Cs become con- 
nected in parallel. 20 

In case the impedance 1/coCs caused by the float- 
ing capacitance Cs2002 is smaller than the gap resist- 
ance RG and the current limiting resistance RU the 
voltage VG becomes smaller than VP, so that the volt- 
age applied to the recording medium becomes smaller 2S 
and unsharp. as shown in Fig. 2. 

[Embodiment 5] 

Rg. 17 shows a probe constituting a fifth embodi- 30 
ment of the present invention, in which the floating 
capacitance of the pulse applying circuit is reduced. 

Referring to Rg. 17, a tip 802 and a wiring 803 are 
provided on an elastic cantilever 801. 

A fixed end of the elastic cantilever 801 is fixed, by 35 
a cantilever support member 805. to a probe base plate 
804. A bending generated in the elastic cantilever 801 
causes the tip 802 to move in the z-directlon in Fig. 17. 
The elastic cantilever 801 is entirely covered by an elec- 
tromagnetic shield 806. 40 

The electromagnetic shield 806 is electrically con- 
nected to the potential of the recording pulse signal from 
the pulse applying means. 

The state of the above-mentioned connection is 
shown in Fig. 18. in which it will be understood that the 45 
electromagnetic shield 2101 is connected between 
recording signal applying means 2102 and a current 
limiting resistance 2103. In this manner the floating 
capacitance between the tip 2104/wiring 2105 and the 
recording medium 2106 is reduced. so 

Again referring to Fig. 17. the electromagnetic 
shield 806 is provided, in a part thereof, with a small 
aperture 807 in the vicinity of the tip 802. so as to 
expose the end thereof to the exterior. In Fig. 17, a part 
of the electromagnetic shield is removed for the sake of ss 
ease understanding. 

Since the wiring 803 and the base portion of the tip 
802 are completely covered by the electromagnetic 
shield 806, except for the end of the tip 802, the floating 
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capacitance between the tip/wiring and the recording 
medium (not shown) can be minimized. 

Though the equivalent circuit is similar to that 
shown in Fig, 3. the floating capacitance Cs1503 can be 
made smaller, so that the impedance 1/oCs resulting 
therefrom becomes sufficiently larger than the cun^ent 
limiting resistance RL. 

Fig. 19 shows the preparation process of the probe 
of this emtxxliment. On a Si substrate surfacially bear- 
ing an oxide film (Si02). a photoresist film of a thickness 
of 3 \im is formed, and a Si3N4 film of a thickness of 1 
^im is formed ((a) in Fig. 19). After this film is patterned 
into the shape of the cantilever ((b) in Fig. 19), a Si3N4 
film of a thickness of 2 ^m is formed and patterned to 
ol>tain a cantilever supporting Si3N4 member ((c) in Fig. 
19). 

Then, for forming the wiring on the cantilever, a 
photoresist film is again formed and pattemed. and Al is 
deposited by evaporation to form an Al wiring ((d) in Rg. 
19). Then, on the end portion of the cantilever, an Au tip 
of a height of 10 ^m is formed by the Spindt method. 

After the formation of an insulator for insulating the 
Al wiring from the electromagnetic shield, a photoresist 
film is again formed with a thickness of 5 ^m and is pat- 
terned into the internal shape of the electromagnetic 
shield ((f) in Fig. 19). 

Then an Al film is evaporated with a thickness of 1 
^m for forming the electromagnetic shield ((g) in Rg. 
19), and Is so patterned to form a small aperture of a 
dameter of 3 nm in a position con-esponding to the tip 
((h) in Fig. 19). Finally the photoresist is removed by 
ozone plasma etching ((i) in Fig. 19). 

When thus prepared probe was mounted on the 
recording/reproducing apparatus of the probe contact 
scanning method as shown in Fig. 4 and subjected to 
the application of a recording pulse voltage, the voltage 
VG applied to the recording medium was substantially 
equal, in height and wave form, to the applied recording 
pulse voltage VP as shown in Fig. 6. without reduction 
of the peak height or unsharpening of the wave form, 
and the frequency characteristics were improved. 

The present emtxxiiment, though being complex in 
the preparation process, can minimize the floating 
capacitance between the probeAAriring and the sub- 
strate, and is featured by a significant improvement in 
the frequency characteristics. 

The present embodiment employs an elastic mem- 
ber of the cantilever type, but there may also be 
employed the elastic member of other types, such as of 
the torsion bar type. 

[Embodiment 6] 

Rg. 20 shows another probe, constituting a sixth 
embodiment of the present invention, in which the float- 
ing capacitance of the pulse applying circuit is reduced. 

Refening to Fig. 20, a tip 1002 and a wiring 1003 
are provided on an elastic cantilever 1001. 

A bending generated in tiie elastic cantilever 1001 
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causes the tip 1002 to move in the z direction in Rg. 20. 
The top side of the elastic cantflever 1001, facing the 
recording medium, is covered with electromagnetic 
shields 1004. 1005, which are electrically connected to 
the potential of the recording pulse signal of the pulse 5 
applying means. 

The state of this connection is similar to that shown 
in the foregoing fifth embodiment. The electromagnetic 
shield 1004 is provided, in a part thereof close to the tip 
1002. with a small aperture 1006 so as to expose the 10 
end of the tip 1002. 

As the wiring 1003 and the base portion of the tip 
1002 are covered by the electromagnetic shields 1004, 
1005 except for the end of the tip 1002. the floating 
capacitance between the tip/wiring and the recording is 
medium/substrate can be made small. 

Though the equivalent circuit is similar to that 
shown in Fig. 3. the floating capacitance Cs1503 can be 
made small. Consequently the impedance 1/o>Cs. 
resulting tiierefrom. becomes larger than the current 20 
limiting resistance RL. 

Rg. 21 shows the preparation process of the probe 
of the present embodiment. On an n-Si substrate, hav- 
ing a surfacial orientation <1 00> and so doped with B as 
to form a p"^ layer of a depth of 1 jim, an oxde film 25 
(SiOg) is formed ((a) in Fig. 21). After the SiOa film and 
the p^ layer are etched off in the form of a mask for tip 
formation ((b) in Fig. 21), anisotropic etching is con- 
ducted with KOH solution to form a groove in a rectan- 
gular conical form ((c) in Fig. 21). 30 

Then B is doped by ion implantation to form a p**^ 
layer in the rectangular conical groove ((d) in Rg. 21), 
and the substrate is treated in water vapor of 300**C to 
form an oxide film (Si02) in the p"^ layer ((e) in Fig. 21). 
Then FX is deposited by evaporation, for forming the tip 3$ 
and the wiring ((f) in Fig. 21). 

Then a cutting groove is formed, and, after anodic 
bonding of a glass plate partially provided with a sepa- 
rating Crfilm ((g) in Fig. 21). tiie n-Si substrate is etched 
with KOH solution until the Si02 layer con-esponding to 40 
the erd portion of the tip is exposed ((h) in Fig. 21). 
Subsequentiy the Si02 layer, exposed at the end of the 
tip, is removed with HF solution, to expose the R tip ((i) 
in Fig. 21). Finally the glass plate is cut. and the remain- 
ing n-Si Is etched off with KOH solution to complete the 45 
cantilever (Rg. 21 (j)). 

When thus pr^ared probe was mounted on the 
recording/reproducing apparatus of the probe contact 
scanning method as shown in Rg. 4 and subjected to 
the application of a recording pulse voltage, the voltage so 
VG affiled to the recording medium was substantially 
equal, in height and wave form, to the applied recording 
pulse voltage VP as shown in Rg. 6, vwthout reduction 
of the peak height or unsharpening of the wave form, 
and the frequency characteristics were improved. ss 

This embodiment, though being somewhat inferior 
in the improvement of the frequency characteristics to 
the foregoing fifth emtxxiiment. is featured by a low cost 
because of the relatively simple preparation process. 
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The present enrtbodiment enrploys an elastic mem- 
ber of the cantilever type, but there may also be 
employed the elastic member of other types, such as of 
torsion t>ar type. 

Claims 

1 . A probe for use in an information recording appara- 
tus for recording information on a recording 
medium by applying a voltage between the record- 
ing medium and a tip of said probe, said probe com* 
prising: 

a conductive tip: 

a wiring provided on said probe for applying a 
voltage to said tip; and 

an electrical resistance provkJed in saki tip or in 
the wiring on said probe. 

2. A probe according to claim 1 , wherein said resist- 
ance is provided in a member constituting said tip. 

3. A probe according to claim 2, wherein saki resist- 
ance is composed of an oxide film on the surface of 
said tip. 

4. A probe for use in an information recording appara- 
tijs for recording information on a recording 
medium by applying a voltage between said record- 
ing medium and a tip of said probe, the probe com- 
prising: 

a conductive tip; 

a wiring provided on said probe for applying a 
voltage to said tip; and 

an electromagnetic shield covering said tip or 
the wiring on said probe. 

5. A recording medium for use in an information 
recording apparatus for recording information on a 
recording medium by applying a voltage between 
said recording medium and a tip of a probe, the 
recording medium being composed of a conductive 
substrate and a recording layer formed on said sub- 
strate and comprising: 

an electrical resistance layer provided between 
said substrate and sakj tip. 

6. A recording medium according to claim 5, wherein 
said res^tance layer is provkled between saki 
recording layer and said substrate. 

7. A recording medium according to claim 5. wherein 
said resistance layer is provided in said recording 
layer. 

8- A recording medium according to claim 5. wherein 
said resistance layer is provided on said recording 
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layer. 

9. An Information recording apparatus for recording 
information on a recording medium by applying a 
voltage between said recording medium and a tip of s 
a probe, comprising: 

a probe having a conductive tip; 
a voltage applying circuit for applying a voltage 
to sard tip; 10 
a wiring provided on said probe, for connecting 
said voltage applying circuit with said tip; and 
an electrical resistance provided in said tip or in 
the wiring on said probe. 

IS 

10. An information recording apparatus for recording 
information on a recording medium by applying a 
voltage between said recording medium and a tip of 
a probe, comprising: 

20 

a voltage applying circuit for applying a voltage 
between said tip and said recording medium; 
a conductive substrate provided in said record- 
ing medium: 

a recording layer provided in said recording 25 
medium and supported by said sii^strate; and 
an electrical resistance layer provided between 
said substrate and said tip. 

11. An information recording apparatus for recording 30 
information on a recording medium by applying a 
voltage between said recording medium and a tip of 

a probe, comprising: 

a probe having a conductive tip; 3S 
a voltage applying circuit for applying a voltage 
to said tip; 

a wiring provided on said probe, for connecting 
said voltage applying circuit with said tip: and 
an electromagnetic shield covering said tip or 40 
the wiring on said probe. 
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